exons are constant and encode for the extracellular domain, 16132 Genoa, Italy whereas the next 10 exons (from exon 6 to 15, called variant 5 To whom correspondence should be addressed exons V1-V10) are subjected to alternative splicing and Email silviab@anatomiau.unige.it generate mRNA isoforms encoding for CD44 molecular forms Squamous cell carcinoma (SCC) derives from dysplastic bearing variable membrane-proximal extracellular domains or metaplastic stratified epithelia. The process of squamous (1) . The last five exons encode for a membrane-proximal cell carcinogenesis has been investigated for the potential extracellular portion and for the transmembrane/cytoplasmic role of the adhesion molecule CD44, whose standard form tail domains. In addition to post-transcriptional variations, (CD44s) and isoforms generated by alternative splicing of CD44 isoforms undergo post-translational modifications such variant exons are known to display altered expression as N-and O-glycosylation and glycosaminoglycanation, which during tumorigenesis in other systems. We have utilized further enrich the CD44 repertoire and may increase the an in vitro correlate of squamous cell carcinogenesis, in optional functions of this molecule (2, 3) . which progression stages from normal squamous epithelium
The most abundant isoform of CD44 is the standard one to dysplastic lesions and to SCC are represented by primary (CD44s, 85-95 kDa), which lacks the entire variable region cultures of normal keratinocytes, by human papilloma and is usually modified by chondroitin sulfate (CD44s-CS, virus-immortalized keratinocytes (UP) and by HPV-180-200 kDa) (4) . While CD44s is expressed on most normal immortalized/v-Ha-ras transfected tumorigenic keratinocells, the repertoire of CD44 variants is more restricted, cytes (UPR). We investigated expression of CD44 and of being mainly confined to T lymphocytes and other leukocytes variant isoforms, from mRNA to intracellular and surface following activation (in particular V6 and V9), to epithelial protein levels, and found no relationship between expression cells (particularly CD44V8-V10, also known as epithelial of CD44 and stages of squamous cell carcinogenesis. How-CD44, 130 kDa) and to keratinocytes (CD44V3-V10, one of ever, when the function of CD44 was analyzed as Ca 2⍣ the largest CD44 isoforms, 230 kDa) (1) . mobilization ability upon monoclonal antibody binding and
The intracellular domain of CD44 is linked to the cytocrosslinking, signal transduction via CD44 was found only skeleton (5-7) and mediates two broad functions: regulation for the neoplastic stage (UPR cells). Ca 2ϩ mobilization was of cell adhesion via changes in the affinity of CD44 for its completely independent of density of surface CD44. We ligands ('inside-out' signaling) and signal transduction leading have performed similar analyses in an in vitro model of to cell activation and regulation of cell growth and death SCC in which four squamous tumor cell lines and UPR ('outside-in' signaling) (8) (9) (10) (11) (12) (13) (14) . cells were sorted according to increasing resistance to CD44 has gained interest in oncology following the observaexternal cytotoxic stimuli, i.e. starving conditions, treattion that expression of CD44s and the distribution of its variant ment with the retinoid N-(4-hydroxyphenyl)retinamide and isoforms are altered in a variety of tumors and metastases cytolytic activity of effector lymphokine-activated killer (reviewed in refs 1,15).
cells. No relationship between expression of CD44 and level
Studies of squamous cell carcinoma (SCC), the most of cell resistance against external cell death-inducing stimuli frequent cancer arising from dysplastic or metaplastic was found, while CD44-mediated Ca 2⍣ mobilization ability squamous epithelia, report increased levels of CD44s and was restricted to the highly resistant tumor cell lines. Our unusual expression of CD44 splice variants containing the V5, results indicate that the role(s) of CD44 in squamous cell V7, V8 and, most notably, V6 exon products in pre-invasive proliferative disorders can be evinced from the functional and high risk pre-cancerous lesions (1, 15) . In contrast, other features of the molecule, rather than from its phenotypic studies showed that progression towards highly invasive repertoire.
undifferentiated squamous tumors is accompanied by a decrease in and subsequent loss of CD44 isoforms (16) (17) (18) Western blots and cultured on a lethally irradiated feeder layer of 3T3 fibroblasts, as previously described (23) . The non-tumorigenic UP cell line derived from keratinocytes Cells (10 8 /ml) were lysed with RIPA buffer (10 mM NaH 2 PO 4 , 1 mM EDTA, immortalized by transfection with the E6 and E7 early genes of HPV type 16 1 mM EGTA, 1 mM NaF) containing 150 mM NaCl, 1% Nonidet P40, 1 mM and the tumorigenic UPR cell line derived from UP by transfection with v-Ha-ras phenylmethylsulfonyl fluoride and 5 µg/ml leupeptin. After nuclei removal were kindly provided by Dr F.M.Watt (Imperial Cancer Research Fund, London, by centrifugation at 400 g, the protein concentration was estimated with BCA UK). Keratinocytes and UP and UPR cells were cultured in Dulbecco's modified Protein Assay Reagent (Pierce, Rockford, IL) and 25 µg/lane were fractionated Eagle's medium and Ham's F12 medium (3:1 mixture) containing 10% fetal calf by SDS-PAGE on 8% polyacrylamide gels under reducing conditions. The serum (FCS), 5 µg/ml insulin, 5 µg/ml transferrin, 0.18 mM adenine, 0.4 µg/ml separated polypeptides were blotted to nitrocellulose membranes (Hybond-C hydrocortisone, 0.1 nM cholera toxin, 2 nM triiodothyronine, 10 ng/ml epidermal Extra; Amersham, Little Chalfont, UK). Protein antigens were detected by growth factor (EGF), 4 mM glutamine and 50 IU/ml penicillin/streptomycin.
incubating the membrane with mAbs to CD44 and to V5, V6, V7 and V7-8 The SCC cell lines LX-1 and A431, from the American Type Culture Collection variant exon products (Bender MedSystems) (concentration according to the (ATCC, Rockville, MD), and ME-180 and HeLa, kindly provided by the Interlab manufacturer's instructions) in 10 mM Tris-HCl buffer, pH 8.0, 150 mM Cell Line Collection (ICLC, National Institute for Cancer Research, Genoa, NaCl, 0.01% Tween-20 and 2% (w/v) low fat milk solids, followed by biotinItaly), were cultured as indicated by the provider. Jurkat cells that lack the entire conjugated goat antibodies to mouse IgG and subsequently by peroxidase-CD44 gene were from ATCC and represented a negative control. labeled streptavidin. Negative controls were obtained by replacing the anti-CD44 mAbs with isotype-matched unrelated antibodies. Peroxidase was DNA flow cytometry for apoptosis and cell proliferation revealed by enhanced chemiluminescence (ECL; Amersham) detected by Cells were harvested and fixed in cold 70% ethanol for 24 h. After washing autoradiography (Hyperfilm; Amersham). with phosphate-buffered saline (PBS), samples were incubated for 30 min at Ca 2ϩ mobilization assay room temperature with 30 µg/ml propidium iodide (PI) (Sigma Chemical Co., St Louis, MO) and 0.5 mg/ml RNase. Flow cytometric measurements were
To determine cytoplasmic free [Ca 2ϩ ] i concentrations, cells were stained with performed using a FACSCalibur (Becton Dickinson, San Jose, CA) equipped the acetoxymethylester of Fura-2 (1 µM final concentration) (Sigma Chemical with filters for PI excitation and emission fluorescence. DNA histograms were Co., St Louis, MO). Briefly, cells (10 6 cells) were trypsinized, washed twice analyzed for the evaluation of apoptosis and of the percentage of cells in the at room temperature, incubated with Fura-2 for 30 min at 37°C and washed various phases of the cell cycle, as described (24).
again before starting the measurements. The Fura-2 fluorescence of the cellular suspension was monitored at 37°C with an LS-5 Spectrofluorimeter (Perkin Cytotoxicity assays Elmer Corp., Pomona, CA). The excitation wavelength was 345 nm and Lymphokine-activated killer (LAK) cells were obtained from PBL of healthy fluorescence emission was measured at 496 nm. Stimulation was performed donors incubated for 4 days at 37°C with 1000 U/ml IL-2. The susceptibility with the different anti-CD44 antibodies at 2 µg/ml, followed by a goat antiof tumor cells to LAK cell-induced cytotoxicity was measured in a convenmouse antiserum (Jackson ImmunoResearch, West Grove, PA) as a crosslinker. tional 4 h 51 Cr release assay (25). Briefly, tumor cells were labeled for 1 h Goat anti-mouse antiserum alone, as well as anti-HLA Class I (clone 3A3) with 51 Cr (100 µCi/10 6 cells), washed twice with PBS, resuspended in RPMI mAb, were used as negative controls, while EGF (10 ng/ml) and the ionophore with 10% FCS and plated at 5ϫ10 3 cells/well in 96-well U-bottom plates.
ionomycin (1 µg/ml) were used as positive controls. 
Results
[(experimental release -spontaneous release)/(maximum release -spontaneous release)]ϫ100.
In vitro models of squamous cell carcinogenesis and of Surface immunofluorescence and flow cytometry squamous tumor cell resistance to external cytotoxic stimuli
Cells were incubated with mouse mAbs to CD44 (CD44 pan, clone J-173;
To investigate the role of CD44 in squamous cell carcinogenesis Immunotech, Marseille, France) and to the variant exon products V5 (clone VFF-8), V6 (clone VFF-18), V7 (clone VFF-9) and V7-8 (co-presence of we used two different in vitro models.
expression of the molecule, the presence of its mRNA and the carcinogenesis ('triple keratinocyte model') nor to the level of ME180 5 8 42 tumor cell susceptibility to death-inducing conditions as defined exons are transcribed in various combinations. It is worth As shown in Table I , A431 cells displayed by far the highest remembering that the same cell can express different CD44 resistance, followed by ME180 cells. ME180 cells were isoforms with different variant exon combinations. Again, the resistant to apoptosis when treated with 4-HPR or when lowest bands in the 'V5', 'V7' and 'V8' lanes represent PCR cultured under starving conditions, but they were also partially products of mRNA molecules containing V5, V7 and V8, arrested by 4-HPR in the G 2 phase of the cell cycle, thus respectively, but no other exons between exon 5 (in which the slowing the proliferation rate, whereas A431 cells continued forward primer lies) and variant exons V5 (which corresponds to grow at the same rate, even at higher 4-HPR concentration to exon 10 of the gene), V7 (exon 12) and V8 (exon 13), (20 µM) (data not shown). In addition, ME180 cells displayed respectively. The PCR product obtained with the reverse primer a susceptibility to LAK cell-induced lysis higher than that of on V5 of a mRNA molecule in which no exons between exon A431 cells. On the other hand, HeLa and LX-1 cells displayed 5 and exon 10 have been transcribed is theoretically 288 bp the weakest resistance, as they were highly sensitive to serumlong (22), in accordance with the position of the lowest band free medium and 4-HPR, as well as to LAK cell-induced lysis.
in lane 'V5'. The same applies to the other variant exons Finally, UPR cells displayed intermediate resistance. Thus, (theoretical length for the shortest V7 PCR product 289 bp according to these results, we have ordered the tumor cell and for the shortest V8 PCR product 237 bp) (22). The lowest lines A431 Ͼ ME180 Ͼ UPR Ͼ HeLa ജ LX-1 as to their band in the 'V6' lane is~480-500 bp long, which is greater resistance to external cytotoxic stimuli.
than the length of the PCR product obtained with the minimal CD44 expression bears no relationship to stage of squamous V6-containing transcript (i.e. with no transcription of exons cell carcinogenesis nor to level of squamous tumor cell in the V1-V5 range, and theoretically 320 bp long) (22), resistance to cytotoxic stimuli suggesting that one exon among the V1-V5 variant exons is To define the expression of CD44 and splice variants, both on transcribed (variant exon average length is~150-170 bp) (22). All other higher bands correspond to independent combinaa quantitative and qualitative basis, we investigated surface Triple keratinocyte model  Keratincytes  170 a  90  122  50  109  47  UP  800  255  486  60  110  51  UPR  780  240  480  62  105  52 Squamous tumor cells with increasing resistance to external cytotoxic stimuli LX -1  70  65  58  61  68  52  HeLa  1850  150  130  92  104  39  UPR  780  240  480  62  105  52  ME180  320  280  322  58  105  40  A431  270  130  160  52  60  46 a Mean FITC fluorescence intensity expressed as molecules of equivalent soluble fluorescein units (ϫ1000).
Fig. 2. Total protein expression of CD44 (V5-, V6-, V7-and V7-8-containing isoforms) in normal human keratinocytes and UP, UPR and ME180 cells. Negative controls, provided by isotype-matched unrelated
antibodies, yielded a band at 120 kDa, which cannot be attributed to CD44 but may derive from naturally biotinylated proteins present in the cell Fig. 1 . mRNA expression analysis by RT-PCR of CD44 (V5-, V6-, V7-extracts. and V8-containing isoforms) in normal human keratinocytes and UP, UPR and LX-1 cells. Marker VI was from Roche Molecular Biochemicals (Milano, Italy). tion of the respective different CD44 molecules. However, the aim of the western blot experiment was to demonstrate whether tions of additional exons. It is of note that the results were or not at least one isoform containing the variant exons was independent of the level of surface CD44 protein, as clearly translated. It is of note that the main band at~120 kDa is an demonstrated by LX-1 cells, which are virtually negative artefact, as shown by the negative control lane in Figure 2 . for surface CD44 but which, however, express all mRNAs Differences in the intensity of individual bands in the various analyzed.
cell lines were detected. However, such differences could not As CD44 mRNA was found also in cell lines which were be related to the stage of squamous cell carcinogenesis ('triple negative for surface expression by immunofluorescence, we keratinocyte model') nor to the level of tumor susceptibility investigated the presence of CD44 proteins in crude cell to cell death-inducing conditions. It is worth remembering extracts by western blotting. mAbs to CD44 and to the V5, here that the comparison between antibodies with widely V6, V7 and V7-8 variants were used to probe equal amounts different affinities and reactive with subsets of molecules of proteins from the seven cell lines. Each mAb yielded several within a heterogeneous pool is not suitable to define the bands which represent CD44 molecules with different variant relative quantities of the different variants (as it may lead to exon combinations (each cell may simultaneously express under-or over-estimation). Thus, we cannot claim which CD44 molecules containing one specific variant exon in isoforms are expressed in what quantities. However, we can different combinations with other variant exons, thus creating conclude that each variant, as defined by its immunoreactivity, different CD44 isoforms all containing that specific variant is present, demonstrating that at least some CD44 mRNAs exon), as well as post-translationally modified CD44
detected by RT-PCR were also translated. molecules with different patterns of glycosylation and glycanSignal transduction via CD44 is confined to the neoplastic ation ( Figure 2 and not shown). Though we may recognize in stage of squamous tumor progression and particularly to tumor (9), we studied cytic form of CD44 (V3-V10) (1), we believe that the heterogeneous distribution of CD44 molecules impairs interthe Ca 2ϩ mobilizing ability of CD44 in cells of the 'triple keratinocyte model'. Figure 3 and Table III report the effect pretation of the different bands in terms of the exact composi- Triple keratinocyte model  Keratinocytes  30  10  140  0  0  310  280  UP  10  12  0  10  3  550  300  UPR  85  154  130  185  140  480  340 Squamous tumor cells with increasing resistance to external cytotoxic stimuli LX -1  18  6  0  12  8  400  320  HeLa  19  25  35  19  22  700  450  UPR  85  154  130  185  140  480  350  ME180  140  180  205  285  80  310  300  A431  135  210  140  175  25  350  230 a To allow crosslinking of mAbs, a goat anti-mouse antibody was added to the cell suspension. Three independent experiments were carried out, yielding results superimposable on those reported here. b Results are expressed as percent increase in [Ca 2ϩ ] i from basal to maximum level after mAb binding. c Ionomycin (1 µg/ml) and EGF (10 ng/ml) were utilized as positive controls.
of anti-CD44 and anti-V5, -V6, -V7 and -V7-8 mAbs on ability seems to be completely independent of the density of CD44 surface receptors, as can be seen from Figure 4 , which free [Ca 2ϩ ] i . Experiments were repeated three times with superimposable results.
shows that, in spite of an almost identical surface expression of CD44 molecules, Ca 2ϩ mobilization is by far higher in Normal keratinocytes and UP cells, which represent the normal counterpart and the earliest stage in squamous cell UPR than in UP cells. To rule out that the lack of Ca 2ϩ mobilization in normal keratinocytes could be ascribed to the tumorigenesis, respectively, showed almost no response (with the exception of normal keratinocytes to V6 mAb). In contrast, initiation of apoptosis, which occurs rapidly in these cells when they are kept in suspension (31), we proved by flow UPR cells displayed a significant increase in [Ca 2ϩ ] i , particularly upon binding of variant exon mAbs. Ca 2ϩ mobilization cytometry that the keratinocytes utilized for Ca 2ϩ mobilization Table III ).
assays were negative for annexin V, similarly to freshly CD44 isoforms (CD44 pan mAb) 5-fold higher than ME180 and A431 cells, however, they were virtually unable to mobilize trypsinized keratinocytes (data not shown). In addition, it is important to note that the two positive controls (EGF and Ca 2ϩ , while ME180 and A431 cells showed a greater than 2-fold increase in [Ca 2ϩ ] i . On the other hand, UPR cells displayed ionomycin), as well as the V6 mAb, induced a significant rise in [Ca 2ϩ ] i (Table III) . This further confirms that the a virtually negative expression of V7-containing isoforms, but a very strong increase in [Ca 2ϩ ] i (ϩ185%). In contrast, HeLa keratinocytes utilized in our experiment were still fully metabolically active. cells had slightly higher V7 expression, but showed no Ca 2ϩ mobilization. Ca 2ϩ mobilization experiments were also performed on the five squamous tumor cell lines. The cell lines most susceptible to cell death-inducing conditions, i.e. LX-1 and HeLa, showed Discussion almost no response or a modest one, respectively. In contrast, the more resistant tumor cell lines UPR, ME180 and A431
We have previously demonstrated an activatory role of CD44 in human T lymphocytes (8, 9, 26) . Engagement of CD44 by showed a significant increase in [Ca 2ϩ ] i . Jurkat cells, used as a negative control, did not mobilize Ca 2ϩ ions (not shown).
HA or anti-CD44 mAbs has also been shown to activate signalling in NK cells, fibroblasts and endothelial cells (9-These data suggest that a trend of increasing signal transduction ability via CD44 exists with increasing 'apoptosis resistance ' 11,30) . In contrast, no information is available for epithelial cells, neither for the standard form nor for its splice variants, phenotype. In addition, the magnitude of Ca 2ϩ mobilization in the more resistant cell lines is heterogeneous when different expressed at high levels (particularly V6) in epithelial regions rich in proliferating cells, such as the stem cells present in the mAbs are used. A431 cells were most sensitive to V5 mAb, while ME180 and UPR cells responded strongly to V7 mAb.
basal layer of squamous epithelia (1) . Also, no information is available on the role of CD44 in the disruption of tissue The different Ca 2ϩ mobilization intensities obtained with different mAbs on the same cell line may be due both to the homeostasis that occurs during squamous cell carcinogenesis. Adhesion molecules are relevant for the maintenance of different affinities of the antibodies, thus yielding more or less efficient dimerization of the CD44 receptors, as well as to homeostasis, as cell adhesion is intimately coupled to signal transduction and regulation of cell growth and death. Normal recognition of different subsets of CD44 isoforms.
Ca 2ϩ mobilization ability did not bear any relationship to squamous cells proliferate when attached to molecules of the ECM and undergo apoptosis when adhesion to ECM is denied protein expression, as can be seen by comparing Table III with  Table II . For instance, HeLa cells bore a surface amount of (anoikis) (31). Disruption of the anoikis machinery may lead to abnormal proliferation and, in turn, to disruption of tissue measurements were carried out~50-60 min after cell trypsinization, a much shorter time than that required for homeostasis, thereby promoting dysplastic lesions which, with the occurrence of other events, may progress to overt neoplasia.
keratinocytes in suspension to undergo apoptosis (31). Second, as can be seen from the data in Table III (32) . However, to straighforwardly prove that our keratinocytes were not in apoptosis during our Ca 2ϩ been reported. Some studies report increased levels of CD44 and unusual expression of CD44 splice variants containing assays, we tested the annexin V stainability of keratinocytes kept in suspension for 30 min at 37°C followed by 30 min at V5, V7, V8 and, most notably, V6 exon products in preinvasive and high risk pre-cancerous lesions (reviewed in refs room temperature and found the same viability as that of keratinocytes detached just before incubation with annexin V. 1,15). In contrast, other studies show that progression towards highly invasive undifferentiated squamous tumors is accompanWe may therefore conclude that the lack of Ca 2ϩ mobilization by keratinocytes is not due to cellular impairment of the ied by a decrease in and subsequent loss of CD44 isoforms (16) (17) (18) or unaltered expression (19). These apparently contrametabolic apparatus. The difference in CD44-mediated signal transduction ability dictory results may only in part be explained by differences in tumor type, staging and grading, as well as by differences between the cell lines of our model, representing the early stages of carcinogenesis and the more advanced neoplastic in techniques and antibodies among the different laboratories.
Thus, to further clarify the contradictory results in the cell lines, cannot be attributed to differences in the pattern of glycosylation. UP and UPR cells, which display a significantly literature, we have investigated the association between CD44 alterations and squamous cell carcinogenesis in an in vitro different Ca 2ϩ mobilization, have identical binding affinities for the CD44 mAbs, as suggested by identical immunofluorescence model which represents the sequential stages of squamous tumor progression from normal tissue (keratinocytes), through profiles and similar patterns of glycosylated proteins, as indicated by western blot analyses. We are aware that glycodysplasia (HPV-16 immortalized keratinocytes) to neoplasia (tumorigenic HPV-16/v-Ha-ras transfected keratinocytes). The sylation and glycanation could influence CD44 ligand binding, as it has been demonstrated that glycosylation is required for three keratinocyte cell lines have been reported to represent the three stages of squamous cell carcinogenesis (20,21). We HA binding, to a certain degree, and that further glycosylation and glycanation reduces the binding affinity (2,3). also utilized five squamous tumor cell lines which were ordered according to their degree of cell resistance to external cytotoxic
In conclusion, our results suggest that the overall contradictions in the literature cannot be ascribed to a lack of a role stimuli, i.e. to starving conditions, to drug treatment and to the cytolytic activity of effector LAK cells. We are aware that for CD44 in squamous cell carcinogenesis, but rather are due to the fact that either quantitative or qualitative expression of the in vitro cellular resistance to cell death-inducing conditions alone, though being an experimental parameter which might CD44 in the squamous cell system is not informative. At variance, the role of CD44 is revealed by its functional features, suggest a progression within the SCC malignant process, is not a sufficient marker for cellular malignancy.
which suggest that this molecule may cooperate in the process of carcinogenesis by eliciting a constitutive activatory signal In these models, we first investigated the CD44 phenotype at the mRNA, surface protein and total protein levels and transduction pathway, once the cell reaches an advanced stage of tumor progression. found no relationship between CD44 expression and stage of squamous cell carcinogenesis or level of tumor cell resistance
We are aware that the results of the present study mainly derive from the observation of relevant cellular phenomena, to death-inducing stimuli, neither from a quantitative point of view (CD44 molecular amount) nor from a qualitative point but do not provide, at this stage, information on possible causal links between the CD44-mediated rise in [Ca 2ϩ ] i and of view (distribution of CD44 splice variants).
However, investigation of the functional features of CD44, the properties of the cell, with particular regard to elements of the cell cycle control machinery, central to the process of as Ca 2ϩ mobilization ability upon anti-CD44 mAb binding, revealed that only cells of the neoplastic stage of the cell carcinogenesis. To further address this issue, we will investigate molecular elements involved in control of the squamous cell carcinogenic scale (UPR) are able to transduce signals via CD44. In particular, this holds true only for the CD44 signal transduction pathway that are altered in the late stages of squamous cell carcinogenesis. The alteration of such tumor cells with higher resistance to external cytotoxic stimuli (UPR, ME180 and A431). These data suggest a strong relationelements may be responsible in vivo for the tumor-associated disruption of the anoikis machinery and, consequently, of ship between the signal transduction ability of CD44 and squamous tumor progression, independent of the molecular tissue homeostasis and may operate, among other mechanisms, by triggering uncontrolled CD44-mediated activatory signals. surface density and of the variant isoform phenotype.
Several studies on the anoikis phenomenon show that A search for these elements might be driven by the observation that UPR cells (which show a strong CD44-mediated signal keratinocytes undergo apoptosis when kept in suspension for a period of time, variable among the different studies. The transduction) are derived from UP (whose CD44 fails to mobilize Ca 2ϩ ) following v-Ha-ras transfection. Oncogenic shortest time reported was 7.5 h, while in other studies cell death was observed after 12, 24 and even 48 h (reviewed in activated Ha-ras cooperates with the E6 and E7 early genes of HPV-16 to fully transform human keratinocytes, by increasing ref. 31). We performed our Ca 2ϩ mobilization assays using cells in suspension, but we believe that at the time of transcriptional activity of the E6 and E7 promoters (33) , which have been shown to inhibit p53, p21 (Cip1, Waf1), Rb and measurement keratinocytes were viable and metabolically active. This is supported by the following observations. First, other cdk inhibitors (34-36). Also, it has recently been shown
